Studies about prognostic assessment in cancer patients requiring prolonged mechanical ventilation (PMV) for post-intensive care are scarce. We retrospectively enrolled 112 cancer patients requiring PMV support who were admitted to the respiratory care center (RCC), a specialized post-intensive care weaning facility, from November 2009 through September 2013. The weaning success rate was 44.6%, and mortality rates at hospital discharge and after 1 year were 43.8% and 76.9%, respectively. Multivariate logistic regression showed that weaning failure, in addition to underlying cancer status, was significantly associated with an increased 1-year mortality (odds ratio, 6.269; 95% confidence interval, 1.800-21.834; P = 0.004). Patients who had controlled non-hematologic cancers and successful weaning had the longest median survival, while those with other cancers who failed weaning had the worst. Patients with low maximal inspiratory pressure, anemia, and poor oxygenation at RCC admission had an increased risk of weaning failure. In conclusion, cancer status and weaning outcome were the most important determinants associated with long-term mortality in cancer patients requiring PMV. We suggest palliative care for those patients with clinical features associated with worse outcomes. It is unknown whether survival in this specific patient population could be improved by modifying the risk of weaning failure.
as compared to those with other cancer diagnoses or stages 7 . However, clinical and laboratory data were not included in the analyses performed by Shih et al. Potential clinical prognostic factors reported for general PMV patients, including disease severity, hemodialysis, and weaning status, may also be important for prognostic assessment in cancer patients requiring PMV, although they were neglected in Shih's study based on a nationwide database [10] [11] [12] [13] . Accurate prognostic evaluation is mandatory for cancer patients requiring PMV, not only to avoid forgoing life-sustaining treatment for those with a chance of survival, but also to prevent futile medical care and poor end-of-life quality. Therefore, this study aimed to report the short-and long-term mortality rates of cancer patients requiring PMV in post-ICU settings, and to explore clinical factors significantly associated with weaning outcome and long-term mortality.
Methods
Settings and Population. This study was conducted in four medical ICUs in the National Taiwan University Hospital, a tertiary-care referral center in northern Taiwan. The study protocol was approved by the Institutional Review Board (NTUH REC: 201503008RINC), and the required informed consent was waived by the Institutional Review Board authority. All methods were performed in accordance with the relevant guidelines and regulations. The definition of PMV was ventilator support for >21 days, according to the regulations of the National Health Insurance in Taiwan and the definition from the National Association for Medical Direction of Respiratory Care Consensus Conference in 2005 14 . All patients requiring PMV support were transferred to the respiratory care center (RCC), a step-down and protocol-driven weaning facility, if the following criteria were not met: (1) age <20 years, (2) unresolved acute critical illness and ongoing multi-organ failure, (3) fraction of inspiratory oxygen (FiO 2 ) ≥0.45 or positive end-expiratory pressure ≥8 cm H 2 O, and (4) unstable hemodynamic conditions, with requirement for high-dose vasopressors (dopamine ≥5 μg/kg/min or norepinephrine ≥5 μg/ min). The eligibility of all patients requiring PMV before RCC transfer was screened from November 2009 to September 2013. Patients with a history of pathologically proven malignancies were enrolled. For patients who were admitted to the RCC more than once during the study period, only the first admission was included in the analysis.
Data Collection.
All clinical information and survival data were retrieved from patient medical records and the database of the Cancer Registry, Medical Information Management Office of the National Taiwan University Hospital. We defined newly-diagnosed cancers and cancers in progression as uncontrolled disease, while cancers in complete or partial remission or stable diseases after the last treatment, were defined as controlled disease. In patients with non-hematologic malignancies from two different origins, the disease status was defined as uncontrolled if either one was uncontrolled. The severity of illness, assessed by the Acute Physiology and Chronic Health Evaluation (APACHE) II 15 and Sequential Organ Failure Assessment (SOFA) scores 16 , was determined at ICU admission and at the time of RCC transfer. The specific diagnoses at ICU admission were recorded and included severe sepsis or septic shock 17 , acute respiratory distress syndrome 18 , and acute kidney injury 19 . Nosocomial infections that occurred during the ICU stay were identified based on the Centers for Disease Control surveillance definition in 2014 20 . At RCC transfer, we recorded the presence of tracheostomy, the presence of active infection within 72 hours before transfer, and the results of various laboratory exams. The weaning parameters, including maximal inspiratory pressure (P Imax ), maximal expiratory pressure (P Emax ), rapid shallow breathing index, tidal volume, and minute ventilation (V E ), were measured at RCC transfer and the results were interpreted using established cut-off values (P Imax , −20 cm H 2 O; P Emax , +30 cm H 2 O; rapid shallow breathing index, 105; tidal volume, 5 mL/kg; V E , 10 L/min) 21, 22 .
Outcome Measurements. The outcome measurements in this study included the weaning status (success or failure) at RCC discharge, hospital mortality, and 1-year mortality. Weaning success was defined as independence from the ventilator (both invasive and non-invasive) for >5 days, according to the prospective payment system of ventilator dependents' managed care by the National Health Insurance in Taiwan 7 . Patients were transferred to long-term care facilities (respiratory care wards) if they failed the protocol-driven weaning trials and were alive after a 6-week stay in the RCC. Weaning failure was considered in patients who failed mechanical ventilator disconnection at RCC discharge, in those who died during the RCC stay, and in those who returned to the ICU for aggravated critical illness. The weaning status and hospital mortality in non-cancer patients requiring PMV during screening were also recorded in comparison with those in cancer patients requiring PMV as in-house control.
Statistical Analysis. Data are presented as the mean ± standard deviation for continuous variables and number (%) for categorical variables. Continuous variables were compared using Student's t-test, while categorical variables were compared using Pearson's χ 2 or Fisher's exact test, as appropriate. Kaplan-Meier curves were plotted for 1-year survival after RCC admission, and the differences between patient subgroups were compared using the log-rank test. Multivariate logistic regression analyses were performed to identify significant clinical characteristics associated with 1-year mortality or weaning outcome in the study population, as well as those associated with hospital mortality in all patients requiring PMV during screening. Significant variables in the univariate analyses were included in the models, and were backward selected with the entry and stay criteria set at 0.05 and 0.1, respectively. A two-sided P value < 0.05 was considered statistically significant. All analyses were performed using SPSS version 17.0 for Windows (IBM Corporation, Armonk, NY, USA).
Results
Study Population. During the study period, 5331 patients were admitted to the medical ICUs. Among 331 patients requiring PMV support who were subsequently transferred to the RCC, 112 (33.8%) had diagnoses of malignancies and constituted the study population. Eighty-nine (79.5%) patients had non-hematologic cancers, and 28 (25.0%) had hematologic cancers (Table 1) . Five patients had diagnoses of both hematologic and non-hematologic cancers. The demographic features and clinical characteristics of the study population are shown in Tables 2 and 3. Significant Clinical Factors Associated with 1-year Mortality. The mortality rate at hospital discharge was 43.8% (49/112). Compared to the screening 219 PMV patients without cancer during the study period, the PMV patients with cancer had a significantly lower survival to hospital discharge (56.3% vs. 77.6%, P < 0.001). Multivariate logistic regression analyses showed hematologic (odds ratio [OR], 3.148; 95% confidence interval [CI], 1.288-7.693; P = 0.012) and non-hematologic (OR, 2.756; 95% CI, 1.536-4.946; P = 0.001) malignancies were both independent clinical factors associated with an increased in-hospital mortality in all PMV patients (Supplementary Table S1 ). Survival information at 1 year was missing for 4 patients, and the 1-year mortality of the remaining 108 patients was 76.9% (83/108). Significant clinical factors associated with 1-year mortality were then evaluated for these 108 patients. Multivariate logistic regression analyses showed that an uncontrolled non-hematologic cancer status (OR, 11.779; 95% CI, 2.085-66.782; P = 0.005) and weaning failure (OR, 6.269; 95% CI, 1.800-21.834; P = 0.004) were the two most significant clinical factors associated with an increased 1-year mortality, followed by a lower HCO 3 − level ( (Fig. 1) . Patients with controlled non-hematologic cancers had a better survival compared with those with uncontrolled non-hematologic cancers or without non-hematologic cancers (Fig. 1a) . We further divided the study population into subgroups according to weaning outcome and cancer status. We found that patients who had controlled non-hematologic cancers and successful weaning had the longest median survival time (299 days). Patients with hematologic or uncontrolled non-hematologic cancers who failed weaning had the worst median survival time (54 days) (Fig. 1b) . Table 1 . Hemato-oncologic diagnoses of the study population. Data are presented as number (%). *Number (%) among patients with non-hematologic malignancy (n = 89). † Disease conditions classified as cure, complete remission, partial remission, or stable disease were considered controlled, while those classified as progressive or newly-diagnosed diseases were considered uncontrolled. In patients with non-hematologic malignancies from two different origins, the disease status was defined as uncontrolled if either one was uncontrolled. ‡ Number (%) among patients with hematologic malignancy (n = 28). § Nine patients with solid cancers from two different origins, 4 patients with both solid cancer and hematologic malignancy, and 1 patient with hematologic malignancy and solid cancers from two different origins (triple malignancies).
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Significant Clinical Factors Associated with Weaning Failure. The weaning success rate at RCC discharge was 44.6% (50/112). Compared to the screening 219 PMV patients without cancer during the study period, the PMV patients with cancer had a similar weaning success rate (44.6% vs. 52.5%, P = 0.176). Since the weaning outcome was significantly related to 1-year mortality, we further explored the significant factors related to weaning. The clinical characteristics were compared between patients with successful weaning and those with weaning failure (Supplementary Tables S2-S4 ). Multivariate logistic regression analyses showed that low P Imax (P Imax ≥ −20 cm vs. <−20 cm H 2 O) (OR, 4.935; 95% CI, 1.409-17.278; P = 0.013) was the most significant clinical feature associated with weaning failure, followed by lower hemoglobin (OR, 0.619; 95% CI, 0.420-0.913; P = 0.016) and lower ratio of arterial oxygen partial pressure to fractional inspired oxygen (PaO 2 /FiO 2 ) (OR, 0.996; 95% CI, 0.993-1.000; P = 0.040) ( Table 5) .
Discussion
A recent meta-analysis showed that in critically ill patients treated with PMV, the pooled mortality rates at hospital discharge and 1 year were 29% and 59%, respectively 23 . In this study, the hospital discharge mortality and 1-year mortality rates were 43.8% and 76.9%, respectively, in cancer patients requiring PMV support for post-intensive care. The 112 PMV patients with cancer had a significantly higher in-hospital mortality as compared to the screening 219 PMV patients without cancer during the study period. Furthermore, malignancies, whether hematologic or non-hematologic, were significant risk factors associated with in-hospital mortality in all Table 2 . Clinical characteristics at baseline and during intensive care unit hospitalization. Data are presented as the mean ± standard deviation or number (%). APACHE II, Acute Physiology and Chronic Health Evaluation score; ARDS, acute respiratory distress syndrome; ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment score. *Disease conditions classified as cure, complete remission, partial remission, or stable disease were considered under control, while those classified as progressive or newly-diagnosed diseases were considered uncontrolled. In patients with non-hematologic malignancies from two different origins, the disease status was defined as uncontrolled if either one was uncontrolled. †
In patients without end-stage renal disease before admission. ‡ Hospital-acquired infection and hospital-acquired severe sepsis/septic shock.
Scientific RepoRts | 7: 2148 | DOI:10.1038/s41598-017-02418-4 patients receiving PMV support. These results are similar to those reported in Shih's study based on a nationwide database 7 , and indicate that the prognosis in this specific clinical population is far worse than that for the general population requiring PMV. Although this and Shih's studies both explore similar outcomes in cancer patients receiving PMV support, our results are from a hospital-based population, and disclose important prognostic clinical parameters, which couldn't be evaluated using nationwide database. Therefore, our results offer clinicians Table 4 . Multivariate logistic regression models for significant clinical characteristics associated with 1-year mortality*. APACHE II, Acute Physiology and Chronic Health Evaluation score; CI, confidence interval; RCC, respiratory care center; SE, standard error. *Variables with statistical significance (P < 0.05) in the univariate analyses (Tables 1, 2 , and 3) were included in the multivariate logistic regression models. Backward variable selection was performed, and the criteria of P values for entry and stay were set at 0.05 and 0.10, respectively.
important references for daily practice, and are complementary to the findings from the study based on the National Health Insurance database. Although several clinical factors, including the APACHE II score and hemodialysis requirement, have been reported to be associated with survival in prolonged mechanically ventilated patients [10] [11] [12] [13] , our study did not show that these clinical factors were significantly related to the survival of cancer patients requiring PMV. Our results indicate that the prognostic factors important for the general population requiring PMV cannot be directly applied to cancer patients requiring PMV. In cancer patients requiring mechanical ventilation, several studies have shown that cancer status is an independent risk factor for increased mortality [7] [8] [9] 24 . We further found that weaning outcome was significantly related to long-term survival in cancer patients requiring PMV, even in patients with an uncontrolled cancer status. Several studies have shown that the weaning protocol helps to improve weaning outcomes and survival in critically ill patients [25] [26] [27] [28] . Weaning process standardization may also be beneficial in specific post-intensive weaning facilities, as in this study, since the result of weaning is not only an outcome measurement but also helps clinicians in prognostic assessment, particularly in cancer patients requiring PMV.
Besides cancer status and weaning outcome, our study showed that a higher HCO 3 − level was independently associated with long-term survival in cancer patients requiring PMV. Studies exploring the relationship between HCO 3 − levels and survival in critical care patients are rare. In a large retrospective study, the maximal serum HCO 3 − level during ICU stay demonstrated a U-shaped association with in-hospital mortality, with the nadir at 29-30 mmol/L 29 . In our study, the mean HCO 3 − level in 1-year survivors was within this range. Given that the upper limit of the 95% CI for HCO 3 − level associated with 1-year mortality in the multivariate logistic regression model was very close to 1 (Table 4) , further studies are required to clarify the relationship between the HCO 3 − level and survival in critical cancer patients requiring PMV.
In cancer patients requiring PMV, our results showed that the impact of underlying malignancies on weaning outcomes were not as important as conditions associated with chronic critical illness and parameters related to respiratory function, including global inspiratory muscle strength (P Imax ) and oxygenation (PaO 2 /FiO 2 and hemoglobin) 22, 30 . Therefore, the malignancy diagnosis and status should not preclude the weaning trial, since successful weaning is associated with a better long-term survival. Several interventions aimed at improving weaning outcome in patients requiring mechanical ventilation have been proposed. Studies showed that a rehabilitation program in ventilator-bound patients helped to improve global and inspiratory muscle strength and weaning outcome 31, 32 . Although a subgroup analysis of the Transfusion Requirements in Critical Care trial showed no difference in the duration of mechanical ventilation between the restrictive and liberal transfusion strategies 33 , transfusion might facilitate weaning in the most debilitated patients with respiratory muscle weakness 34 . However, Tables S2, S3 and S4) were included in the multivariate logistic regression models. Backward variable selection was performed, and the criteria of P values for entry and stay were set at 0.05 and 0.10, respectively.
it is unknown whether these potential interventions can modify the risk of weaning failure in cancer patients requiring PMV support, and further studies are warranted. Finally, early palliative care has been shown to improve the quality of life in advanced cancer patients 35 , and a transition from restorative to palliative treatment upon failure of the initial therapeutic trials has been advocated in the ICU 36 . However, the decision to make this transition depends on accurate prognostication. The study by Thiéry et al. demonstrated that the prognostic assessment at the time of ICU admission is often imprecise in critically ill cancer patients 37 . Our study also showed that conventional prognostic factors at the time of ICU admission, including the APACHE II and SOFA scores, as well as the admission diagnoses, were not significantly related to 1-year mortality in cancer patients requiring PMV. Therefore, the prognostic assessment may be more accurate if the clinical factors of post-intensive care, such as weaning outcome, are incorporated. Palliative care is highly suggested for patients with a poor cancer status and who failed weaning due to inevitably poor expected survival.
The present study had some limitations. First, the major limitation of this study was the retrospective design. Second, the study was conducted in a tertiary medical center and the major malignancy diagnoses were non-hematologic cancers. Therefore, the results may not be generalizable to other care settings, or to populations that are mainly constituted by patients with hematologic malignancies or bone marrow transplantation. Third, the number of patients with two types of cancer in this study was limited. It is unknown whether this population has a worse outcome than patients with a single cancer. Fourth, the withdrawal of mechanical ventilation was not legal in Taiwan until 2011. It is unknown whether the decision of ventilator withdrawal in the ICU will influence the clinical characteristics and outcomes in cancer patients treated with PMV, and follow-up studies are required.
In conclusion, the present study showed that cancer patients treated with PMV had high short-term and long-term mortality. Cancer status and weaning outcome were the most important determinants associated with long-term mortality. Neither cancer diagnoses nor status was significantly related to the weaning outcomes. Therefore, further weaning attempts in the specialized post-ICU weaning unit may not be precluded solely based on the underlying malignancy diagnoses or status, and palliative care may be considered in those with clinical features associated with worse outcomes. Future studies are required to evaluate whether the survival in this specific patient population can be improved by modifying the risk of weaning failure.
